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Abstract 
Risk management is critical for success in project-based industries, especially in the construction industry. In 
current literature, various risk-based decision support systems have been proposed to systematically identify and 
assess risks. However, majority of these systems use the risk ratings assigned by the decision-makers, mainly, 
probability and impact ratings, as input values and quantify the level of risk associated with the project based on 
these inputs.  However, in majority of the cases, these ratings are assigned based on the subjective judgment of the 
decision-makers and highly depend on their level of knowledge, risk attitude and assumptions. This paper attempts 
to explore the process of assignment of risk ratings by the decision makers and question how the reliability of the 
risk assessment process can be enhanced in practice. In this effort, a risk mapping tool that has been developed by 
the authors is used to conduct a case study that explains how the risk ratings are defined by different decision-
makers and identify the reasons of possible divergence between assigned ratings. In this regard, a case study is 
conducted with three construction experts by using data of a real construction project and risk assessment exercise 
has been repeated using different strategies to collect expert opinion on risk ratings.  The results of the case study 
show that although the subjectivity of ratings and sensitivity to risk attitude cannot be totally overcome, some 
strategies may be used to ensure a more reliable risk rating process. Those strategies mainly cover minimization of 
divergence of assumptions made by the decision-makers, clarifying what is included under the identified risk 
factors by defining sub-risk attributes and facilitating group decision-making.
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1. Introduction 
The construction industry is plagued by various risks and uncertainties which are diverse in its nature and have 
potential to lead undesirable consequences when they occur. Systematic and proactive risk management practices 
are needed to handle and manage risks so that the success of projects can be ascertained. In current construction 
management literature, various risk identification and assessment methodologies have been offered within which 
the common acknowledged methodology is identifying risks that may emerge during the execution of projects, 
assigning ratings to identified risk factors considering their likelihood of occurrence and impact, and finally 
calculating the overall risk rating to estimate the overall impact of risk factors on the project success.  However, 
the reliability of risk ratings is under question because of the tendency of decision-makers to utilize solely 
subjective judgments when making predictions about the risk ratings. In practice, if the risk rating process is not 
designed properly, it is possible that different decision-makers may come up with very different risk ratings not 
only because of their different attitudes to risk but also different assumptions regarding 
controllability/manageability of risks. 
In this study, it is argued that, although the subjectivity involved in the risk assessment operations cannot be 
totally overcome, some kind of assistance may still be helpful to minimize diversities in risk assessment outcomes 
that may occur due to different assumptions made by different decision-makers. In this regard, this paper firstly 
presents fundamentals of the decision making process under uncertainty. Second, it explores how the reliability of 
the risk assessment practices can be enhanced as well as how the subjectivity can be minimized in practice. In this 
effort, an experiment has been conducted with three construction experts by using the data of a real construction 
project through the utilization of a risk mapping tool which has been developed by the authors (Yildiz, Dikmen, 
Birgonul, Ercoskun, & Alten, 2012) previously.  
2. Research background 
In this section, firstly the phenomenon of risk attitude and behavior in decision making under uncertainty is 
introduced. Second, significance of defining risk attributes is explained along with the question of how the 
attributes can be used to accommodate subjective judgment of decision-makers when analyzing risks. Finally, the 
previous studies focusing on identification of risk attributes are overviewed. 
1.1. Overview of decision-making process: risk attitudes and behavior 
In literature, the word “risk” is used in different meanings with different words such as hazard or uncertainty 
(Al-Bahar & Crandall, 1990). Kartam & Kartam (2001) define risk as “the probability of occurrence of some 
uncertain, unpredictable, and even undesirable event(s) that would change the prospects for the profitability on a 
given investment.” PMBoK (2008) accepted risk as an uncertain event or condition, in the case of its occurrence, 
has a positive or a negative impact on at least one project objective. The term ‘uncertainty’ is defined by Hastie 
(2001) as “the decision-maker’s judgments of the propensity for each of the conditioning events to occur”. He 
claimed that uncertainty is generally described with the various measures that are used in decision theories such as 
probabilities, confidences and likelihoods. Finally, risk attitudes are mainly about the differences in how 
individuals tend to “resolve work-related or personal decisions that involve risk and uncertainty” (Weber, Blais, &, 
2002) where risk perception is a “process of cognitive appraisal which can reflect how people evaluate risk” (Cox 
& Cox, 1996). 
In the current literature, various authors have pinpointed the importance of consideration of risk attitude in 
decision making under risk and uncertainty. The prospect theory proposed by Kahnemann & Tversky (1979) is one 
of the widely cited theories that explore relation among risk attitude and the behavior. According to the theory, 
decision makers are more risk averse in gains (opportunity situation) and risk seeking in losses (threat situation). 
The facts of the study carried out by MacCrimmon & Wehrung (1986) reveal the findings of the Kahnemann & 
Tversky (1979) by adding that “managers appear to have different risk attitudes when making decisions involving 
personal versus company money or when evaluating financial versus recreational risks.” In the work of  Mak & 
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Raftery (1992) it is suggested that decision makers tend to be risk averse when forecasting project return 
(conservative); whereas risk seeking when estimating project cost (speculative). According to the authors, this 
phenomenon leads to the diversities in personal risk perceptions as well as creates biases when forecasting and 
simulating both project cost and return.  
In addition to these studies, various authors have attempted to explore risk attitudes in the context of human 
judgment and business decision making. The review of Helliar, Lonie, Power & Sinclair (2002) represented that 
attitudes to risk vary according to decision makers’ age, personal wealth and fortune, nationality, the technology 
utilized, and the companies’ historical and culture setting. Helliar, Lonie, Power, & Sinclair (2002) also mentioned 
that, the existence of group discussions when making decisions, the expert knowledge in the context of the 
decision, and the phase of the business cycle at which risks are considered are some other factors that influence the 
diversities across the risk attitudes. In addition to the above mentioned studies, some other authors have focused on 
the influence of risk attitude of decision makers under real operations. For example, Han, Diekmann, & Ock 
(2005) investigated the risk attitudes and bid decision behavior of individuals in the selection of international 
construction projects which exhibit various uncertainties due to operating in a foreign environment.  
In addition to the conceptual framing of the risk attitude, several authors have proposed theoretical and 
mathematical models in the context of human judgment and decision problems. For example, Hastie (2001) 
describes a decision problem in the form of a decision three that constitutes three major components; course of 
action, beliefs about uncertain conditioning events, and values and desires about consequences of each action-event 
relation. Also, the study of Hastie (2001) is one of the useful sources that summarize theoretical methods which 
examine human judgment and decision problems. According to the author, the available literature generally focus 
on three methods; (1) traditional expected and non-expected utility theory (the expected theory proposed by 
Neumann & Morgensterm, and prospect theory presented by Kahnemann & Tversky), (2) cognitive algebraic 
theories focusing on judgment and estimation, (3) cognitive computational theories concerned with “mind’s 
perceptual, inferential, and mnemonic functions”.  
1.2. The risk attributes: how the reliability of risk assessment can be enhanced? 
The risk assessment methodologies based on risk ratings generally depend on the determination of risk ratings 
in terms of probability of occurrence and their impacts on project outcomes based on the experiences and 
judgments of decision makers. According to Fung, Lo, & Tung (2011), independent from whether risks are 
assessed based on individual attitudes and beliefs or the mathematical models, the process of risk assessment 
inevitably rely on human judgment. The judgment of decision makers about the occurrence of risks depend on their 
attitude to risk as well as how they perceive risk. As it was exemplified in the previous section, the people’s 
attitudes and behavior build upon various irreversible and unchangeable parameters such as individual norms, 
values and beliefs as well as cultures, nationality, gender of decision makers. Thus, risk assessment is always 
subjective, at best to a small but with higher possibility of being large extent (Hurst, 1989). The second driver of 
the diversity among the risk rating preferences is the different assumptions about risks due to different risk 
perceptions. The perception of risks is mainly about how individuals understand and evaluate risks as well as how 
they make assumptions about risk ratings based on their own knowledge and experience. Thus, due to having 
different levels of knowledge regarding a situation, it is inevitable that, individuals differ in how they perceive risk 
(Stranks, 1997). In this study, we argue that in case of enabling additional information about risks and providing a 
common understanding about the assessment process, different risk perceptions and assumptions can be avoided. 
In this effort, it is decided to define and incorporate sub-risk attributes in risk assessment approach in order to 
reduce the diversities among risk ratings assigned by different decision makers that occur due to different 
assumptions and perceptions. 
In this study, “risk attributes” are defined as events that trigger the occurrence of the “risk factors”. The 
consideration of attributes is critical for success in both risk identification and assessment as they embody 
characteristics of elements and give better lexical description about its concept (Almuhareb & Poesio, 2004). To be 
noted that, within the current literature, the term ‘risk attributes’ is cited and studied by the various authors to 
facilitate the decision making under uncertainty. Various researchers (i.e. He & Huang, 2008) defined risk 
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attributes in terms of mathematical measures such as probabilities, means, likelihoods etc. to analytically solve risk 
occurrence problems.  
In most of the risk identification exercises, the detailed background of the identified risks are not articulated 
which leads to decision-makers to rely on their own assumptions about the “meaning” of risks. According to 
Slovic, Fischhoff, & Lichtenstein (1980), in the case of lack of relevant statistical evidence, decision makers tend 
to rely on what they have heard or observed about the risks, which lead to different understandings about the risks. 
However, when organizational members do not share a common understanding about the nature of risks, it may be 
hard to technically evaluate risks in an effective way (Fung, Lo, & Tung, 2011). Aven & Zio (2011) argued that, 
due to existence of extensive amount of uncertainties related to the occurrence of risk events and consequences, 
current practices of risk-related decision making are limited in probability assignment. Authors added that, in 
complex situations, when the various parameters exist, it is required to make strong assumptions in order to be able 
to carry out risk assessment. Thus, independent from what modeling paradigm is utilized, the meaning of these 
parameters should be clarified as well as a broader description of risks should be given so that scientific-based 
approach can be adopted. It is concluded that in the case of absence of detailed information about the risks 
involved, erroneous and unreliable conclusions about the risk occurring can be drawn. The representation of the 
knowledge about risks is necessary in risk assessment to support decision making process, so that different 
assumptions of decision-makers about risks can be minimized.  
The risk identification methodologies (i.e. risk checklists and breakdown structures) are mostly too general and 
limited to reflect the nature of the risks due to solely focusing on exploring and classifying the project risks as 
simple facts. In the most of these methodologies, even if the diverse project risks are comprehended and broader 
descriptions of risks are given, factors triggering the occurrence of the identified risks and risk occurrence 
scenarios remain uncovered. However, neglecting the causality among the sub risk- risk- risk consequence chain 
when identifying risks, inevitably bring ambiguity during risk assessment process. A similar problem was stated by 
Fung, Lo, & Tung (2011) as, the assessment of safety risk of construction activities generally focus on the types of 
accidents and neglects giving detailed information about reasons for the accident; however possible causes of them 
should also be explored to improve the reliability of outcomes of risk assessment. Authors added that it is essential 
to describe the risk model to minimize subjectivity and misinterpretation of risks and their causes so that effective 
risk assessment methodologies can be employed. As an example about the argued phenomenon, ‘instability of 
economic growth’ of a country is one of crucial risk that controls the financial strength of contractors when the 
clients of the projects are an individual or organization from the host country. When assessing the risk rating of the 
‘instability of economic growth’, parameters that represent economic conditions of a country (i.e. GDP, inflation 
rate, interest rate), factors that indicate economic growth of a country, and causative factors of the instability of 
economic growth should be known, so that reliable assumptions about the risk occurrences and impacts can be 
made. In other words, by minimizing the vagueness about the causality among the sub-risk and the overall risk 
consequence, the over/underestimation of the probability of occurrence of risks and level of impact of risks on the 
project goals can be eliminated.  
1.3. Overview of previous attribute-based risk identification approaches 
A number of researchers from various disciplines (i.e. construction engineering, sustainability, knowledge 
engineering, collaborative working) have attempted to identify attributes of elements (which are specific research 
domains of authors, i.e. risk) in order to enhance traditional risk identification processes. Gunderson & Cherf 
(2012) explored attributes of competency and incompetency of subcontractors from the general contractors’ point 
of view. Jha & Iyer (2007) identified 24 attributes of project coordinators, classified them into three groups of 
skills, and analyzed relative importance of the identified attributes on the success and failure of projects. Of the 
identified 34 attributes, Esmaeili & Hallowell (2012) aimed to aid designers and planners to investigate 
interdependency among safety risks associated with the specific building components and construction activities. 
Ahmad, Ismail, Alwi, & Abd Rashid (2011) investigated and analyzed 31 critical attributes that reflect the 
causality among client competency and the level of success of construction projects. Through a review on 
literature, Alzahrani & Margaret (2012) explored the impact of contractors’ attributes on the success of 
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construction projects elaborated at the post construction evaluation stage. By reviewing the available literature and 
conducting interviews with project management staff, Zavadskas, Turskis, Tamosaitiene, & Marina (2008) 
identified attributes and sub-attributes affecting the process of project manager selection in construction industry. 
Authors measured the level of importance of attributes on selection process as well as analyzed the multi-attribute 
evaluation of a selected group of project managers. Toor & Ogunlana (2009) explored 13 personal and 12 
organizational attributes that make the project managers ineffective and incompetent in leadership ability. Authors 
discovered “environmental neutralizers” influencing the project manager’s leadership performance in large 
construction projects operating in Thailand. Doloi (2012) investigated 42 risk attributes affecting the cost, time and 
operational performance of PPP projects. In his study, author quantified the impact of these attributes, explored 
similarities and diversities among risk attributes and developed predictive models on the performance of PPP 
projects. 
3. Research objective 
This study is based on the results of a two-year research project entitled “Development of a Knowledge-Based 
Risk Mapping Tool for International Construction Projects”. Within the context of the project, firstly a risk 
mapping tool has been developed by the authors that uses a risk-vulnerability ontology reported in Fidan, Dikmen, 
Tanyer, & Birgonul (2010) and a novel risk assessment methodology proposed in Eybpoosh, Dikmen, & Birgonul 
(2011). Second, based on the available literature, sub-risk attributes are defined to be used as a decision-making 
support system when assessing risks. Through the close examinations of the 59 journal papers and 9 sample books, 
303 attributes associated with 49 sub-risks are identified and fed into the tool in order to be utilized during the risk 
assessment process. The major objectives of this study are to understand the following by using the risk mapping 
tool;  
• How the risk ratings are defined by different decision-makers 
• The reasons of possible divergence between assigned ratings within the same project 
• Whether the reliability of risk assessment outcomes can be improved by utilizing sub-risk attributes. 
4. Case study 
4.1. Methodology  
To explore how risk ratings are assigned by decision makers under uncertainty, a case study/an experiment is 
carried out by three construction experts by utilizing the developed risk mapping tool. During the case study 
sessions, the tool is used as a supporting system during the processes of risk identification and assessment. First, 
the tool provides a generic risk map structure in which diverse risk-related variables that may occur in international 
markets are given. It is expected from experts to rate risks given on the risk map structure based on the data of a 
sample project. Second, the tool uses Structural Equation Modeling (SEM), to quantify the ratings of the risk-
related variables. When the known magnitudes of sub-risk ratings, which are defined by experts, are fed into the 
tool, the tool is used to automatically quantify the ratings of all risk-related variables by utilizing the coefficients 
found by SEM.  
The case study is carried out by using the data of a real construction project. It is expected from construction 
experts to rank the risks, which are given on the risk map structure, in terms of probability of occurrence of risks 
and their impacts based on the characteristics of the sample project. The project is an international project that is 
carried out by one of the leading Turkish construction companies. It is about construction of an embassy building 
that has been executed at Serbia. It was the contractor company’s first job in Serbia; however they have completed 
embassy projects at various counties previously. The contractor company is one of the joint venture partners in the 
project in which the client of the project is the government of a foreign country. 
The case study composed of three sequential steps. First, the data of the sample project is distributed to the 
construction experts in the form of verbal statements. The data contain information about characteristics of the 
project, competencies and weaknesses of the contractor company and risk event histories related with the project. 
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Second, it is required from experts to rank the sub-risks in terms of probability and impact based on the given data 
by utilizing a 1-5 Likert scale. A snapshot demonstrating the interface of sub-risk assessment and the risk map 
structure is given in Figure 1. Finally, to understand whether the sub-risk attributes are helpful in decision making 
process, it is expected from experts to utilize attributes of associated sub-risks when making predictions about the 
ratings of sub-risks. A snapshot representing the ‘sub-risk attributes assessment’ interface of the tool is given in 
Figure 2. After the risk assessment exercise, the findings of the case study are discussed by comparing the 
assumptions of each expert about the risk ratings with the actual ratings of the sample project. Actual ratings are 
obtained through conducting an interview with the contractor company expert who takes part in the execution of 
the sample project. During the interview, the company expert gave some information about the real (actual) risk 
ratings considering what actually happened at the project and he mentioned about the actual cost overrun 
percentage of the project which are further used to make comparisons between these actual values and those 
assigned by the construction experts.  
Fig.1 A screenshot from “Sub risk Assessment” Interface 
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Fig. 2 A screenshot from “Sub risk-attributes Assessment” Interface 
4.2. Findings and discussions 
The findings of the case study are given in Table 1. To be noted that, the risk ratings, which are given in the 
table, are not directly quantified by experts. They are the estimated ratings by the tool through the coefficients of 
SEM based on the sub-risk and attribute ratings assigned by the experts using 1-5 Likert scale. In addition, due to 
space limitations, the full list of sub-risks and sub-risk attributes are not given; only risks leading to the risk 
consequence are provided.  
Table 1. Risk ratings of the case study. 
Risk-related variables 
Actual 
Expert 1 Expert 2 Expert 3 
S1 S2 S1 S2 S1 S2 
Ratings 
Adverse Country Related Conditions 2.41 1.82 1.00 5.00 5.00 2.26 1.00 
Design Problems 4.03 3.00 2.90 3.39 3.70 4.06 3.67 
Project Complexity 5.00 2.61 2.44 2.84 4.89 5.00 5.00 
Uncertainty of Geological Problems 1.00 1.00 1.00 3.04 1.00 1.00 1.00 
Strict Requirements 5.00 5.00 2.16 4.38 3.82 5.00 4.70 
Contract Specific Problems 1.00 1.00 1.00 3.55 1.00 2.19 1.23 
Engineer’s Incompetency 1.70 2.59 1.45 1.70 1.00 3.06 1.08 
Client’s Incompetency 2.42 2.00 1.70 3.92 2.83 3.14 2.20 
Adverse Site Conditions 1.29 1.29 1.00 2.32 3.08 2.32 2.14 
Contractor's Lack of Experience 2.29 2.22 2.00 4.29 4.37 2.22 2.55 
Contractor's Lack of Resources 2.22 3.09 1.00 2.68 2.34 3.17 2.59 
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Contractor's Lack of Managerial Skills 2.00 1.03 2.00 2.15 1.46 2.58 1.61 
A.C. in Country Economic Conditions ** 2.63 2.54 2.31 3.26 3.11 2.61 2.36 
A.C. in Laws & Regulations 2.08 1.94 1.60 3.01 2.80 2.04 1.67 
Conflicts with Project Stakeholders 1.04 1.09 1.00 3.21 1.41 2.16 1.22 
A.C. in Performance of client  2.47 2.57 2.16 2.99 2.70 2.72 2.12 
Changes in Project Specifications 1.57 1.62 1.34 2.64 2.19 1.90 1.53 
A.C. in Performance of Contractor 1.73 1.73 1.35 2.43 2.71 2.30 2.17 
A.C. in Availability of Local Resources 2.85 2.78 2.62 3.30 3.20 2.83 2.65 
A.C. in Site Conditions 1.00 1.00 1.00 2.22 1.00 1.00 1.00 
Unexpected Events 1.08 1.08 1.08 1.08 1.08 1.08 1.08 
Delays / Interruptions 1.82 1.84 1.68 2.68 2.10 2.19 1.85 
Decrease in Productivity 1.00 1.00 1.00 1.78 1.22 1.27 1.00 
Increase in Amount of Work 1.33 1.48 1.00 1.87 1.78 1.86 1.51 
Decrease in Quality of Work 1.28 1.69 1.00 1.87 1.80 1.90 1.61 
Increase in Unit Cost of Work 1.00 1.00 1.39 1.85 1.29 1.32 1.00 
Lags in Cash Flow 1.99 1.58 1.00 2.67 2.00 2.47 1.82 
Cost Overrun 1.00 1.02 1.00 2.25 1.62 1.82 1.14 
Cost Overrun Percentage (%) 10 10.4 10 35 22.4 26.4 12.8 
*S1 denotes session 1 in which attributes are not used, and S2 denotes sessions 2 in which attributes are used.  
** A.C. denotes ‘Adverse Change’. 
Findings of the case study are discussed as follows;  
• With the incorporation of sub-risk attributes in the risk assessment process, the divergence between the actual 
risk ratings and ratings assigned by experts is decreased. For example, the actual risk rating of ‘Project 
Complexity’ is 5.00. During first session of the case study, the rating of the ‘Project Complexity’ is calculated 
as 2.84 based on the sub-risk ratings assigned by the expert 2. However, when the expert 2 utilized sub-risk 
attributes in session 2, the risk rating of ‘Project Complexity’ is quantified as 4.89 which is more accurate result 
while compared with the actual risk rating.  
• With the examination of the descriptions of the sub-risk attributes, over/underestimation of level of risks can be 
avoided. For example, the actual risk ratings of ‘uncertainty of geological conditions’ and ‘contract specific 
problems’ are both 1.0 which means that they do not have considerable influence on the level of cost overrun of 
the sample project. When analyzing ‘uncertainty of geological conditions’ expert 2, as well as when deciding on 
the risk level of ‘contract specific problems’ expert 2 and expert 3, assumed that these risks have medium level 
of influence on risk consequence. However, after examining the descriptions of sub-risk attributes, they decided 
to rank the associated risks as very low (1) impact risks.  
• In some cases, sub-risk attributes are neither useful nor have ill-effect in the context of reliability of risk 
assessment. For example, the assumptions of the experts about the ranking of the ‘contractor’s lack of 
experience’ do not vary with the use of sub-risk attributes. Regardless of whether sub-risk attributes are utilized 
or not, experts almost assigned the same ratings for this attribute  (expert 1’s rating changed from 2.0 to 2.2, 
expert 2’s rating change from 4..37 to 4.29, and expert 3’s rating changed from 2.55 to 2.22)  To be noted that, 
although the ratings assigned by expert 1 and expert 3 are nearly the same as the actual risk rating (2.29); the 
success of making reliable predictions about the level of associated risk cannot be attributed to the use of sub-
risk attributes. It can be concluded that for some risk or vulnerability factors that are self-explanatory, sub-items 
may not be necessary. 
• Risk attitudes and behaviors of experts have vital importance when making predictions about the risk ratings 
regardless of the definition of sub-attributes. For example, independent from whether sub-risk attributes are 
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utilized, expert 2 described the host country as of very high risk; although the actual risk level of the host 
country is low to medium (as experienced by the project experts in reality). The perception of expert 2 can be 
attributed to the risk averse nature of him when analyzing the risks about host country conditions. Actually, he 
has worked in international markets for a long time and worked in very risky countries leading to significant 
losses for his company. Thus, it is seen that although he does not have a specific experience related with the 
host country of the case study project, he ignores the actual country information given to him for this 
experiment and evaluates the risk solely based on his past experience. 
• The risk consequence (cost overrun) ratings of the case study show that, experts made more reliable 
assumptions about the risk ratings when using sub-risk attributes. For example, cost overrun percentage of the 
project is quantified as %26.4 by the tool based on the risk ratings assigned by expert 3 in session 1 in which 
sub-risk attributes are not utilized. However, in session 2 the calculated percentage is decreased to % 12.8 
through the use of sub-risk attributes which can be described as a reliable result when the actual percentage of 
the project is considered. Thus, based on the findings of the case study, it can be stressed out that, providing 
standard vocabulary about risks and providing additional information about risk occurrences can decrease the 
vague nature of risk assessment process. However, it still cannot be the only strategy to minimize the 
subjectivity of outcomes of risk assessment. The findings of expert 2 and expert 3 demonstrated that, although 
the use of sub-risk attributes are helpful in making better predictions, the ratings of risks and risk consequence 
still considerably vary from the actual ratings. Some other strategies may also be helpful to support risk rating 
performance of decision makers. In this regard, group-decision making can be facilitated to minimize the 
diversities among the assumptions. Knowledge sharing should be encouraged to eliminate misunderstandings 
and ensure convergence of risk ratings. Using Delphi technique which is a method for eliciting and refining 
group judgment and that enables the controlled feedback interaction between experts could be an alternative. 
5. Conclusion 
The current risk assessment methodologies mostly depend on defining probability and impact values of risks; 
namely risk ratings, based on the judgments of decision makers. Although the theoretical backgrounds of these 
studies are well-defined, they mostly suffer from concluding realistic solutions due to accompanying high level of 
subjectivity. This study is an effort to understand the phenomenon of ‘decision making’ under uncertainty with the 
consideration of different risk attitudes, behaviors and assumptions of decision-makers. It is aimed to explore how 
the reliability of the risk assessment process can be enhanced in practice by minimizing the subjectivity involved in 
decision making process. It has been already known that, attitudes and behaviors are bound to people and cannot 
be eliminated. However, subjectivity occurred due to different assumptions and perceptions about the risk 
occurrences can be overcome by enabling additional assistance when carrying out risk assessment. In this effort, a 
risk mapping tool has been developed by the authors that is used to conduct three sequential experiments with three 
different construction experts.  
The findings of the case study represented that, the utilization of sub-risk attributes can be  helpful to improve 
the reliability of the risk ratings. However, it is also elaborated that, decision-making process is still highly plagued 
by subjective risk attitudes and perceptions of construction experts. Thus, additional strategies should be 
incorporated when analyzing risks so that more reliable decisions about probability and impact ratings of risks can 
be made. These strategies may include facilitating group-decision making sessions using Delphi method and 
utilizing databases as well as other sources of knowledge (risk event histories of previous projects etc.) during risk 
assessment.   
It should finally be noted that the results reported in this paper reflect the specific project conditions as well as a 
small set of experts, thus can not be generalized. More number of controlled experiments should be carried out to 
understand the potential impact of defining sub-attributes on the performance of experts and reliability of their 
predictions. Moreover, other ways/methods to elicit expert opinion (such as Delphi method) and strategies to 
incorporate the risk attitude of decision-makers into the assessment process (such as using utility theory etc.) could 
be tried to derive more reliable conclusions.  
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